The olivanic acids MM 4550, MM 13902 and MM 17880 are members of a new family of /J-lactam antibiotics. An isolation and purification process utilising ion-pair extraction and ion-exchange chromatography is described and the metabolites are characterised by physico-chemical and biological properties.
All compounds are 5R, 6R, 8S. C8 stereochemistry-D.
F. CORBETT, unpublished results. THE JOURNAL OF ANTIBIOTICS APR. 1979 medium ("15 litres) contained in a 100-litre fermenter. For production of MM 4550, MM 13902 and MM 17880, production medium (1,500 litres) was contained in a 2,000-litre fermenter. The composition of each medium is shown in Neisseria catarrhalis was maintainer'c on slopes of Dorset egg medium (Mast Laboratories Ltd., Liverpool, England). A seed culture was prepared by inoculation into tryptone soya broth (Oxoid Ltd., London, England), 50 ml, contained in a 250-m1 flask shaken at 37 C for 6 hours.
Molten blood agar base (Oxoid), 300 nil, was cooled to 45 -48'C and inoculated (15 nil) from the seed flask for preparation of the bioassay plates. Zones of inhibition due to MM 13902 and MM 17880 (Rf values are shown in Table 3 ) were traced, cut out and weighed.
Comparison with standards of MM 13902 and MM 17880 allowed estimates of titres to be made.
/f-Lactamase inhibition assay An automated method for the assay of penicillins'4' was modified for measurement of /7-lactamase The samples were monitored at 490 nm in a 10-mm path length flow cell. A standard line of MM 4550 concentration against peak height on the recorder trace (which is proportional to percentage inhibition) was constructed. Known concentrations of MM 13902 or MM 17880 giving peak height values falling on the standard line were then related to MM 4550 concentrations.
The relative inhibitory activities of MM 4550, MM 13902 and MM 17880 are dependent on the preincubation time, i.e. the time of contact of enzyme with inhibitor before addition of the substrate. With a preincubation time of five seconds MM 4550 is approximately 250 times more active than MM 13902 or MM 17880. Using this system MM 4550 is determined within the range 5-50 /rg/ml. By extending the preincubation time to 15 minutes at room temperature, the activities of MM 13902 and MM 17880 are increased to about one third of the MM 4550 activity.
Results and Discussion

Isolation of MM 4550, MM 13902 and MM 17880
The isolation process is summarised in Fig. 3 . Fermentation broth was clarified by filtration and the solids were discarded. Titres in the clarified broth were typically in the range 2 -6 / rg/ nil for each antibiotic. All operations were carried out at 5`C unless otherwise stated. Culture filtrate (4,400 litres) at pH 7 was extracted with dichloromethane (900 litres) containing benzyldimethyl n-hexadecyl ammonium chloride (4 g/litre). The solvent phase was back extracted with aqueous sodium iodide (18 litres, 30 g/litre).
The sodium iodide extract was percolated at 60 ml/min through a column (150 mm x 230 mm) of QAE Sephadex A25 (Pharmacia Fine Chemicals, Uppsala, Sweden) previously equilibrated in 0.3 M NaCI in pH 7 phosphate buffer (KH2PO.I 2.43 g/litre, K-HPO4 5.6 g/litre). The adsorbed antibiotics were eluted with 0.7 M NaCI in phosphate buffer, pH 7, at a flow rate of 35 ml/min.
A mixture of MM 4550 and MM 17880 was eluted first followed by MM 13902. The metabolites were detected in the collected fractions by their u.v. absorption spectra and antibacterial activity.
Selected fractions were pooled and desalted as follows using Amberlite XAD4 (Rohm and Haas Co., Philadelphia). Sodium chloride (50 g/litre) was added to the pooled fractions, which were percolated through the column of Amberlite XAD4 resin (75 mm x 230 mm) at 20 ml/min. Under these conditions the metabolites were adsorbed to the resin, whereas inorganic salts and some organic impurities were not. The antibiotics were eluted with distilled water at room temperature. The MM 13902 eluate was freeze-dried to yield a partially purified solid. XAD4 eluate containing MM 4550 and MM 17880 was concentrated by evaporation in vacuo and submitted to further chromatography on QAE Sephadex. The concentrate was loaded on a column of QAE Sephadex A25 (54 mm x 200 mm) and eluted with 0.2 M NaCI at 3 ml/min. MM 17880 was eluted first, followed by MM 4550. were recovered from the eluates by freeze-drying.
Portions of the freeze-dried products (0.5 -1.0 g) were purified by partition chromatography on columns (38 mm x 300 mm) of microgranular cellulose, grade CC31 (Whatman Ltd., Maidstone, Kent, England). For larger quantities of product the column bed volume was increased pro rata by using a column of greater diameter.
The columns used for MM 4550 and MM 13902 were eluted with n-propanol -water (4: 1) and the MM17880 column was eluted with n-butanol -n-propanol -water (7: 9: 4). Physico-chemical Properties The three antibiotics were isolated as disodium salts in substantially pure form. Table 4 . The addition of hydroxylamine or cysteine to neutral solutions results in rapid degradation-similar reactions are well known for penicillins"'. Table 5 .
In general good activity is seen against /3-lactamase producing strains indicating stability of the antibiotics to these enzymes.
Inhibition of a range of /j-lactamases by each of these metabolites is shown in Table 6 . The 1so values were obtained against cell-free preparations of the enzymes.
Synergism with penicillins and cephalosporins against /3-lactamase producing bacteria can be demonstrated.
Acknowledgements
We arc most grateful to Mrs. J. CHRISTENSEN, Mrs. E. A. GIBBINS, K. ROBiNs and S. SPEAR for their contribution to the isolation work, G. HANSCOMB for fermentation data, R. ALEXANDER for NMR and IR The antibiotics were diluted serially in tryptone soya broth (TSB) using microtitre trays and diluters. The inoculum was a 1/500 dilution of an overnight culture in TSB. Streptococcus pyogenes CNIO was grown in nutrient broth 10 serum and diluted 1/200. spectra, C. READING for /3-lactamase inhibition data and Mrs. P. HUNTER for antibacterial data. I5o values were determined by the method described by C. READING and M. CoLE0). Inhibitor was incubated with enzyme at 37'C for 5 minutes prior to addition of substrate (I mg/mI final concentration).
continuous determination of penicillin in fermentation media using hydroxylamine reagent. Anal. 
